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The Spectrum of Right Ventricular Involvement in Inferior Wall
Myocardial Infarction: A Clinical, Hemodynamic and
Noninvasive Study
RONALD S. BAIGRIE, MD , FACC, AMINUL HAQ , MD , CHRISTOPHER D. MORGAN , MD ,
HARRY RAKOWSKI , MD , MILUTIN DROBAC , MD. PETER McLAUGHLIN , MD , FACC
Toronto. Ontario. Canada
The clinical experience with 37 patients with acute trans-
mural inferior wall myocardi al infarction who were as-
sessed for evidence of right ventricular involvement is
reported. On the basis of currently accepted hemody-
namic criteria, 29 patien ts (78%) had evidence sugges-
tive of right ventricular infarction. However, only 5 (20%)
of 25 pat ients demonstrated right ventr icular uptak e of
technetium pyrophosphate on scintigraphy. Two-dimen-
sional echocardiography or isotope nuclear angiogra-
phy, or both, were performed in 32 patient s; 20 studies
(62%) showed evidence of right ventr icular wall motion
Since the initial description of the syndrome of predominant
right ventr icular failure in some patients with right ventric-
ular infarction by Cohn et al. ( I), there has been an increased
awareness of right ventricular involvement in acute inferior
wall myocardial infarction. Right ventricular involvement
in this setting is not uncommon . Early postmortem studie s
(2- 4) reveal ed a low incidence of pathologically detectable
right ventricular infarction in association with infarction of
the left ventricle. The use of newer and more sophisticated
investigative technique s has improved our assess ment of the
right ventricle and its invo lvement in disease (5,6) . Right
ventricular infarc tion as an extension of inferior left ven-
tricular infarc tion is now recognized with increas ing fre-
quency (7-9). The clini cal features of extensive right ven-
tricular infarction have been docum ented and the importance
of recognizing other potenti ally confusing clinical situations
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disturbance or dilation, or both.
Twenty-one patients demonstrated a late inspiratory
increase in the jugular venous pressure (Kussmaul' s sign).
The presence of this sign in the clinical sett ing of inferior
wall myocardial infarction was predictive for right ven-
tricular involvement in 81% of the patients in this study.
It is suggested that right ventr icular involvement in this
clinical setting is common and includes not only infarc-
tion but also dysfunction without detectable infarction,
which is likely on an ischemic basis.
has been emphasized ( I, 10 ,11 ). Since the initial description
of the clinical picture of extensive right ventricular infarc -
tion. less severe and more subtle forms of right ventricular
involvement in the setting of myocardial infarction have
been identified (8,9) . Newer diagnostic techniques ind icate
a greater frequency of right ventricular infarction in asso-
ciation with inferior wall myocardial infarction than was
initially suspected (12).
The purpose of this study was to define a spectrum of
right ventricular involvement (infarc tion or dysfunction) in
the setting of infer ior wall myocardial infarction utilizing
hemodynamic, echocardiographic . radioisotope and clinical
criteria . We also report on the potent ial usefuln ess of hemo-
dynamic monitoring. noninvasive techn iques and the pres-
ence of Kussmaul' s sign in the recogniti on of right ven-
tricular involvement.
Methods
Study patients. Thirty-seven consec utive pati ents ad-
mitted to the coronary care unit with acute transmural in-
ferior myocardial infarction who consented to hemodynamic
monitoring were stud ied. The diagnosis of myocardial in-
farction was based on typical history, serial electrocardio-
graphic changes (with Q waves and ST elevation in the
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inferior leads) and elevated cardiac serum enzyme levels.
There were 28 men and 9 women; their mean age was 59
years (range 29 to 78). No patient had clinical evidence of
prior myocardial infarction, preexisting heart failure or val-
vular heart disease and none had clinically significant pul-
monary disease. The jugular venous pressure and waveform
were carefully assessed in all patients with particular em-
phasis on respiratory fluctuations.
Hemodynamic studies. After giving informed consent,
all patients underwent hemodynamic evaluation. Intraarter-
ial pressures were measured with a radial artery catheter.
Right heart pressures and cardiac output were measured with
a balloon-tipped thermodilution catheter (Edwards Labo-
ratories) introduced through an antecubital vein. Pressure
measurements were obtained with a Bentley-Trantec phys-
iologic pressure transducer positioned at midchest level.
Cardiac output measurements, in triplicate, were obtained
by thermodilution using an Edwards Laboratories cardiac
output computer (model 9520). Acute volume loading was
performed in 25 patients with uncomplicated infarction with
1,000 to 1,500 ml of intravenous normal saline solution
infused over 45 minutes during which time hemodynamic
measurements were repeated.
Left and right ventricular filling pressures were deter-
mined from the pulmonary capillary wedge pressure and
right atrial pressure, respectively. Cardiac index (Cl) in
liters/min per m2 was calculated as cardiac output/body sur-
face area in square meters. Stroke work indexes for the right
and left ventricle (RVSWI and LVSWI) in g-rn/rn? were
calculated using the formula: RVSWI = SI X (MPA - RVFP)
X 0.0136 and LVSWI = SI X (MSA - LVFP) X 0.0136,
where SI (stroke index) = ClIheart rate, MPA = mean
pulmonary artery pressure, RVFP and LVFP = right and
left ventricular filling pressure, respectively and MSA =
mean systemic arterial pressure in mm Hg. Hemodynamic
criteria suggesting right ventricular infarction were defined
as right ventricular filling pressure/left ventricular filling
pressure ratio greater than 0.65 or a right ventricular stroke
work index less than 5 g-rn/rn- after volume loading (12).
Noninvasive studies. Noninvasive studies including
technetium-99m pyrophosphate scintigraphy, gated radio-
nuclide angiography and two-dimensional echocardiogra-
phy were performed. Technetium-99m pyrophosphate scin-
tigrams were obtained within 72 hours of admission, the
majority performed between 24 and 48 hours. Fifteen mCi
of technetium-99m pyrophosphate was injected intrave-
nously. Two hours later, views were obtained in the anterior,
left lateral and 45° left and right anterior oblique positions.
An Ohio Nuclear portable gamma camera (series 120) with
high resolution parallel hole collimator was used to accu-
mulate 500 ,000 counts/view. Scintigrams were graded using
standard criteria by an independent observer who was un-
aware of the clinical history (13). A diagnosis of inferior
wall myocardial infarction was based on localized techne-
tium-99m pyrophosphate uptake over the left ventricular
inferior wall in any of the four projections. Right ventricular
infarction was diagnosed if abnormal radionuclide uptake
in the left anterior oblique view extended anteriorly from
the inferior left ventricular wall to the interventricular sep-
tum as described by Sharpe et al. (12).
Gated radionuclide angiography was performed 24 hours
after the technetium-99m pyrophosphate scintigram using
the Ohio Nuclear portable camera, electrocardiographic gate
and a DEC 11140 computer. After in vivo red blood cell
labeling with 25 mCi technetium-99m, cardiac blood pool
counts were recorded in one left anterior oblique view for
a total of 300 cardiac cycles and 3 million counts. The
cardiac cycle was divided into 20 frames and a time-activity
curve was displayed. Right and left ventricular ejection frac-
tions were determined from background-corrected end-
systolic and end-diastolic counts using standard techniques
(6).
Two-dimensional echocardiograms were obtained within
72 hours of admission using a Varian ultrasonoscope. Stan-
dard long-axis and four chamber views were obtained and
analyzed for right heart chamber dilation and wall motion
abnormalities. Right ventricular dysfunction was defined as
wall motion abnormality or dilation, or both. Right ven-
tricular wall motion abnormality was diagnosed if dyski-
nesia (systolic outward bulging), akinesia (lack of systolic
inward motion) or hypokinesia (limited systolic inward mo-
tion) was identified. Right ventricular dilation was defined
as chamber enlargement in the apical four chamber view
compared with the left ventricle. The analysis was per-
formed by an independent observer unaware of the clinical
history. M-mode studies are not reported because accurate
assessment of the right ventricle from the parasternal view
was often not possible and precise measurements could be
made from the two dimensional echocardiograms.
Statistical analysis was performed using the paired Stu-
dent's t test. A probability (p) value less than 0.05 was
considered significant.
Results
All 37 patients had acute transmural inferior wall myo-
cardial infarction by history, serial electrocardiographic
changes and elevated cardiac serum enzyme levels. The
mean peak serum glutamic oxaloacetic transaminase (SGOT)
for the group was 239 Ill/liter with a range of 86 to 651
(normal, 20 to 50). When grouped according to the clinical
classification of Killip and Kimball (14) at the time of ad-
mission, 29 patients were in Killip class I, 6 in class II and
2 in class IV; subsequently, 2 patients from class I and 2
patients from class II progressed to class IV.
Hemodynamics. The mean (± standard error of the
mean) right atrial pressure for the group was 9.7 ± 0.9
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Table 1. VentricularFilling Pressure and Cardiac Index
Response to Volume Load
RVFP (mm Hg) LVFP (mm Hg) CI (hters/rnm per m')
Control 7.5 ± 0.9 11.8 ± 0.9 2.7 ± 0.1
Post volume 10.8 ± 08 15.1 ± 0.8 3.0 ± a I
load
p value < 0.00\ < 0.001 < 0.001
CI = cardiac index; LVFP = left ventricular filling pressure; p =
probability; RVFP = right ventricular filling pressure.
mm Hg. Mean pulmonary capillary wedge pressure was
13.2 ± 0.8 mm Hg and the cardiac index was 2.7 ± 0.1
liters/min per m". When grouped according to the hemo-
dynamic subsets of Forrester et a1. (15), 23 patients were
in subset I, 1 patient was in subset II, 11 patients were in
subset III and 2 patients were in subset IV. Twenty-five
patients received a volume load of 1,000 to 1,500 ml of
normal saline solution over a period of 45 minutes (Table
1). Subsequent to the volume load, two class 1 patients
progressed to class II and two class III patients changed to
class 1; the clinical class of the remaining patients was un-
changed. Clinically, the volume load was well tolerated.
Right and left ventricular filling pressures and cardiac index
were all significantly increased by volume loading.
Twenty-one (53%) of the 37 patients had disproportionate
elevation of the right ventricular filling pressure; after vol-
ume loading, 8 additional patients developed this feature.
Eighteen patients (49%) had a right ventricular stroke work
index less than 5 gm/rrr'; after volume loading, 2 additional
patients manifested this feature. Nineteen (51%) of the 37
patients had both a ratio of right ventricular filling pressurel
left ventricular filling pressure greater than 0.65 and a right
ventricular stroke work index less than 5 g-m/rn",whereas
29 patients (78%) satisfied at least one of these previously
reported criteria for right ventricular infarction (12). The
mean peak serum glutamic oxaloacetic transaminase (SGOT)
for the 29 patients with the hemodynamic markers of right
ventricular involvement was 239 ± 32 lU/liter (range, 76
to 651). This value was not statistically different from the
mean peak SGOT for the patients without the hemodynamic
markers of right ventricular infarction (239 ± 44 lUll iter;
range, 97 to 464).
Technetium pyrophosphate scintigraphy. Techne-
tium-99m pyrophosphate uptake over the inferior wall of
the left ventricle was seen in 20 of the 25 patients in whom
scintigrams were obtained; however, right ventricular up-
take was seen in only 5 of these 20 patients (Fig. 1). Thus,
although scintigraphic evidence of inferior myocardial in-
farction was present in 80% of patients, only 20% of these
patients showed evidence of right ventricular infarction. All
5 patients with scintigraphic evidence of right ventricular
infarction satisfied the hemodynamic criteria suggesting right
ventricular infarction, and of the 20 patients without such
scintigraphic evidence 10 satisfied the hemodynamic criteria
for right ventricular infarction but the other 10 did not (Fig.
2). The hemodynamic variables for the two groups of pa-
tients with and without scintigraphic evidence of right ven-
tricular involvement are summarized in Table 2. It is evident
that there is no significant difference in the hemodynamic
values or the mean peak SGOT between the two groups.
Two-dimensional echocardiography. Of the 17 pa-
tients who underwent two-dimensional echocardiography,
15 had evidence of left ventricular inferior wall hypokinesia
or akinesia. Twelve of these 17 patients had evidence of
either right ventricular dilation or wall motion abnormality
(hypokinesia or akinesia), or both (Fig. 2 and 3). All 12
patients with echocardiographic evidence of right ventricular
Figure 1. Technetium pyrophosphate scin-
tigramin left antenor obliqueprojection from
a patient with acute inferior infarction show-
ing uptake of isotope in the venrncular in-
ferior wall(LV). interventricular septum (lVS)
and free right ventricular wall (RV). Line
drawing (right) of original scan(left) IS shown
for comparison.
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Table 2. Comparision of Technetium-99m Scanning and Hemodynamic Changes
Ratio Mean Peak
RVFP LVFP RVFP/ SGOT
n (mm Hg) (mm Hg) LVFP RVSWI (IV/liter)
TcPYP RVI+ 5 12.6 ± 0.9 16 ± 1.2 079 ± 0.06 2.6 ± 0.4 281 ± 54
TcPYP RVI- 20 116±1.3 15 ± 1.1 076 ± 0.06 42 ± 0.5 227 ± 30
p value NS NS NS NS NS
n = number of studies; NS not significant; RVI + and RVI- = presence and absence, respectively, of nght ventricular uptake of isotope:
RVSWI = right ventricular stroke work index; SGOT = serum glutamic oxaloacetic transaminase; TcPYP = technenum-Svm pyrophosphate: other
abbreviations as in Table I.
Figure 2. Bar graphs indicating (left) the relation between tech-
netium pyrophosphate (TcPYP) evidence and hemodynamic (HEMO)
evidence (+ or -) for right ventricular infarction in 25 patients
with inferior wall infarction, and (right) the relation between echo-
cardiographic (ECHO) evidence of right ventricular dysfunction
and hemodynamic evidence of right ventricular infarction (+ or
- ) in 17 patients.
these 21 patients had hemodynamic indexes consistent with
a diagnosis of right ventricular infarction. Of the 14 patients
who had no inspiratory increase in jugular venous pressure,
10 had hemodynamic indexes consistent with right ventric-
ular infarction. Thus, the late inspiratory increase in jugular
venous pressure had a specificity, sensitivity and predictive
accuracy of 50, 63 and 81%, respectively, in predicting
whether hemodynamic variables were suggestive of right
ventricular infarction.
Of the 17 patients who had two-dimensional echocar-
diograms, 9 demonstrated a late inspiratory increase in jug-
ular venous pressure. Seven of these nine patients had echo-
cardiographic evidence of right ventricular dysfunction.
Among the eight patients without this clinical sign, 5 had
right ventricular dysfunction by echocardiographic criteria.
The specificity, sensitivity and predictive accuracy were 60,
58 and 78%, respectively, in predicting echocardiographic
evidence of right ventricular dysfunction.
The jugular venous pressure was adequately assessed in
14 patients who had gated pool nuclear angiograms. Nine
patients demonstrated a late inspiratory increase in jugular
venous pressure, but five did not. The right ventricular ejec-
tion fraction of the patients who demonstrated an inspiratory
HEMO+
ECHO -
HEMO+
ECHO +
HEMO-
ECHO-
HEMO VS. ECHOHEMO vs. TCPYP
20 HEMO -
TCPYP-
n
10
HEMO+
TCPYP -
HEMO+
TCPYP+
0
dysfunction had the hemodynamic criteria suggesting right
ventricular infarction. Of the five patients without echo-
cardiographic evidence of right ventricular dysfunction,
hemodynamic criteria for right ventricular infarction were
present in two and absent in three patients. A comparison
of mean hemodynamic variables in patients with and without
echocardiographic evidence of right ventricular dysfunction
is shown in Table 3. Although the mean peak SGOT for
the group with echocardiographic right ventricular dys-
function was higher than that for patients without it, this
difference was not significant. It is evident that patients with
echocardiographic evidence of right ventricular dysfunction
had significantly higher right ventricular filling pressure and
lower right ventricular stroke work index compared with
patients without echocardiographic evidence of right ven-
tricular dysfunction.
Gated radionuclide angiography. Mean left and right
ventricular ejection fractions for the 15 patients in whom
nuclear angiography was performed are compared with those
in a group of normal control subjects in Table 4. The right
ventricular ejection fraction for patients with inferior wall
myocardial infarction is significantly decreased while the
mean left ventricular ejection fraction is comparable with
the normal control values.
A comparison of the right ventricular ejection fraction
for patients with and without hemodynamic evidence of right
ventricular infarction revealed that although the mean ejec-
tion fraction was lower for the former group (29.4 ± 3.6
versus 40.2 ± 7.4), this difference did not reach statistical
significance. However, patients with echocardiographic evi-
dence of right ventricular dysfunction had a mean right
ventricular ejection fraction that was significantly lower (p
< 0.05) than that for patients without echocardiographic
evidence of right ventricular dysfunction (25 ± 3.6 versus
44 ± 7.8). The right ventricular ejection fraction correlated
poorly with the peak SGOT values (correlation coefficient
[r] = -0.3).
Jugular venous pressure. Twenty-one (60%) of 35 pa-
tients in whom the jugular veins could be adequately as-
sessed demonstrated a late inspiratory increase in the jugular
venous pressure (Kussmaul's sign) (Fig. 4). Seventeen of
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Figure 3. Two-dimensional echocardio-
gram in apical four chamberview from a
patient with inferior wall infarction,
showing diastolic (A) and systolic (B)
frames. Arrows reveal right ventricular
systolic akinesia and dilation. LA = left
atrium; LV = left ventricle; RA = right
atrium.
increase in jugular venous pressure was significantly lower
than that of patients without this increase (30 ± 3 versus
45 ± 7, P < 0.05).
Discussion
Incidence. Until recently, there has been little emphasis
on right ventricular involvement in myocardial infarction
since the early pathologic descriptions of right ventricular
infarction. In a large general autopsy series, Wartman and
Hellerstein (2) found a 9.4% incidence rate of right ven-
tricular infarction. Later, Laurie and Woods (4) found a
15.3% incidence rate of right ventricular infarction or fi-
brosis in patients dying from myocardial infarction. Wade
(3) analyzed II autopsy specimens of right ventricular in-
farction and noted right coronary artery occlusion, posterior
right ventricular involvement and electrocardiographic evi-
dence of inferior myocardial infarction in the majority. In
a more recent postmortem study of 236 patients with trans-
mural infarction, Isner and Roberts (16) found an overall
14% incidence rate of associated right ventricular infarction.
In that study, right ventricular infarction was found exclu-
sively as a complication of inferior myocardial infarction
with a frequency of 24%.
Experimental right ventricular damage. Several ex-
perimental studies analyzing the effect of right ventricular
destruction have yielded conflicting results. Individually,
studies by Starr et al. (17), Bakos (18) and Kagan (19)
found little hemodynamic embarrassment despite extensive
right ventricular cauterization. Donald and Essex (20) in-
flicted extensive right ventricular damage by acute right
coronary artery and conus arteriosus branch ligation and
found little effect on right heart pressures. However, when
right ventricular destruction was inflicted by right coronary
artery injection of vinyl acetate, right ventricular diastolic
pressure and atrial systolic pressure were increased. More
recently, Guiha et al. (21) found little hemodynamic change
despite extensive right ventricular damage by electrocau-
tery. However, volume loading after right ventricular cau-
terization exposed a disproportionate increase in right com-
Table 3. Comparison of Echocardiographic and Hemodynamic Evidence of Right Ventricular Dysfunction
Ratio
RVFP LVFP RVFP/ SGOT
n (mm Hg) (mm Hg) LVFP RVSWI (IU/Ilter)
Echo RVD + 12 13 5 ± 1.2 16 ± 1.1 0.84 ± 0.04 32 ± 0.6 263 ± 54
Echo RVD - 5 8 ± 1.9 14 ± 3.0 0.55 ± 0.07 5.6 ± 0.4 153 ± 37
p value < 0.05 NS < 005 < 0.001 NS
Echo = echocardiographic: other abbreviations as before.
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Figure 4. Simultaneous electrocardio-
gram (ECG) andright atrial pressure (RAP)
tracing of a patient with acute inferior
wall infarction demonstrating late inspi-
ratory increase injugularvenous A wave.
Onset of inspiration shown as (A ).
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pared with left ventricular filling pressure. The explanation
for the differences noted in the experimental studies and the
clinical picture of right ventricular infarction in human sub-
jects likely relates to the differences in type and distribution
of right ventricular myocardial injury. Right ventricular in-
farction in human beings is apparently always accompanied
by involvement of the posterior interventricular septum (16),
whereas most of the earlier experimental models limited
right ventricular destruction to the free wall.
Clinical features. The clinical picture and typical hemo-
dynamic changes of extensive right ventricular infarction
have recently been reported by Cohn et a1. (1). Their patients
were selected on the clinical evidence of predominant right
ventricular failure. All patients had electrocardiographic cri-
teria for inferior wall myocardial infarction, distended neck
veins, hypotension and heart block without dyspnea or or-
thopnea. Right atrial pressure averaged 20.2 mm Hg and
was greater than pulmonary capillary wedge pressure. The
contour of the right atrial, right ventricular and pulmonary
artery pressure pulses in three patients appeared similar at
right heart catheterization. Autopsy in two of the patients
Table 4. Comparison of Left and Right Ventricular Ejection
Fraction by Radionuclide Angiography
n LVEF RVEF
Patients with 15 62 ± 3.5 34 ± 3.8
inferior myocardial
mfarct
Normal control II 67 ± 12 42 ± 2.4
subjects
p value NS < 0.05
LVEF and RVEF = left and right ventricular ejection fraction, reo
spectively; other abbreviations as before.
revealed extensive right ventricular infarction as well as left
ventricular infarction. Other similar cases have now been
reported with both hemodynamic and pathologic evidence
of right ventricular infarction (22-24).
Since the initial description of extensive right ventricular
infarction, several techniques have been suggested to iden-
tify right ventricular involvement in the setting of inferior
wall myocardial infarction. These have included bedside
hemodynamic measurements, technetium pyrophosphate
scintigraphy, gated blood pool radionuclide angiography
and two-dimensional echocardiography. Recently, respira-
tory changes in the pattern of right ventricular diastolic
filling (jugular venous and right atrial pressure waveform)
have been suggested as a means of implicating right ven-
tricular involvement. In this study, we have attempted to
define the frequency of right ventricular involvement in
inferior wall infarction as detected by these techniques and
to compare the results. Our results indicate that there is a
spectrum of right ventricular involvement that includes not
only infarction but also dysfunction, which is probably caused
by ischemia.
Bedside hemodynamic criteria. Two hemodynamic
criteria suggesting right ventricular infarction have been
reported: right ventricular filling pressure/left ventricular
filling pressure ratio greater than 0.65 and a right ventricular
stroke work index less than 5 g-m/rrr' (12). Hemodynami-
cally, none of our patients had the findings of extensive
right ventricular infarction as previously reported (1); how-
ever, 29 (78%) of the 37 patients satisfied one of these
hemodynamic criteria and 19 had both. The low right ven-
tricular stroke work index in these patients is unlikely to be
due to hypovolemia because the mean right atrial pressure
for the group was 9.7 ::t 0.9 mm Hg. In fact, two patients
demonstrated a decrease in right ventricular stroke work
index after volume loading. In 8 of our 37 patients, volume
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loading revealed a disproportionate increase of right ven-
tricular filling pressure. Thus, volume expansion may be
necessary to expose this disproportionate increase. If these
previously reported hemodynamic criteria suggesting right
ventricular infarction are accurate, then our patients dem-
onstrated up to a 78% incidence rate of right ventricular
infarction. More likely, these hemodynamic markers are
indicative of right ventricular dysfunction and not neces-
sarily infarction because only five patients had isotope evi-
dence for right ventricular infarction.
It is likely that less severe forms of right ventricular
involvement can occur in the setting of inferior myocardial
infarction, including ischemic dysfunction and mild necro-
sis. These latter varieties of right ventricular involvement
most likely do not present with the typical clinical picture
of massive right ventricular infarction. Recognition of these
more subtle forms of right ventricular abnormality requires
the use of diagnostic techniques that assess anatomic changes,
None of these patients demonstrated cardiac tamponade,
acute pulmonary embolus or pericardial constriction, These
entities must be excluded in the differential diagnosis of
predominant right ventricular dysfunction as previously em-
phasized (22).
Technetium pyrophosphate scintigraphy. Recently,
radionuclide imaging techniques have been used to further
define right ventricular involvement in the setting of acute
myocardial infarction. At present, the only definitive pre-
morbid means of diagnosing less than massive right ven-
tricular involvement is with a positive technetium-99m pyro-
phosphate scintigram showing right ventricular uptake of
isotope in the setting of inferior myocardial infarction. Such
isotope scans were diagnostic of right ventricular infarction
in only 20% of patients, despite diagnostic inferior myo-
cardial infarction in 80%. This 20% incidence rate of tech-
netium-99m pyrophosphate scintigrams positive for right
ventricular infarction is less than the 37.5% incidence rate
reported by Wackers et al. (8) and the 30% rate reported
by Sharpe et al. (12). In our study, patients with positive
scans for right ventricular infarction had hemodynamic cri-
teria suggesting right ventricular infarction. However, 50%
of patients with no right ventricular isotope uptake also had
hemodynamic criteria suggesting right ventricular infarc-
tion. The poor correlation between isotope and hemody-
namic evidence of right ventricular infarction may represent
a lack of specificity for the hemodynamic criteria of right
ventricular infarction or an insensitivity of technetium-99m
pyrophosphate scintigrams. The scintigraphic results were
not dependent on infarct size as determined by mean peak
SGOT. The hemodynamic data were similar whether the
technetium-99m pyrophosphate scan was positive or negative.
Gated blood pool radionuclide angiography. This is
another technique that has been used to assess the right
ventricle in inferior myocardial infarction. Rigo et al. (25)
and Sharpe et al. (12) found a prevalence of right ventricular
dysfunction as seen by this technique in 43 and 40%, re-
spectively, of patients with inferior myocardial infarction.
Both groups noted an increase in the right ventricular to left
ventricular area ratio in inferior myocardial infarction as
evidence of right ventricular dilation and dysfunction. Sharpe
et al. (12) utilized technetium scanning with radionuclide
angiography and hemodynamic measurements to assess right
ventricular function in acute myocardial infarction. They
noted a significantly greater right ventricular filling pressure
and lower right ventricular stroke work index and a greater
right ventricular to left ventricular area ratio (determined by
radionuclide angiography) in patients with either positive
scans for right ventricular infarction or segmental right ven-
tricular akinesia by radionuclide angiography compared with
patients with inferior myocardial infarction or anterior acute
myocardial infarction alone (12). Reduto et al. (19) reported
a significantly greater reduction in right ventricular ejection
fraction in inferior than in acute anterior myocardial in-
farction. Tobinick et al. (26) found a significant reduction
of right ventricular ejection fraction in patients with right
ventricular infarction by technetium pyrophosphate scintig-
raphy compared with patients with inferior myocardial in-
farction along.
Echocardiography. Single dimensional M-mode echo-
cardiography has been used for the noninvasive diagnosis
of right ventricular involvement. Sharpe et al. (12) found
both the right ventricular end-diastolic dimension and the
right ventricular/left ventricular end-diastolic dimension ra-
tio to be significantly greater in patients with right ventric-
ular involvement than in patients with inferior myocardial
infarction alone. D' Arcy and Nanda (27) described two-
dimensional echocardiographic abnormalities in a series of
patients with right ventricular infarction documented at sur-
gery or autopsy or positive scintigraphy. Similar echocar-
diographic abnormalities were seen in our patients without
infarction documented by technetium pyrophosphate scin-
tigraphy. All patients with echocardiographic criteria for
right ventricular dysfunction had hemodynamic criteria for
right ventricular infarction. Also, patients with two-dimen-
sional echocardiographic evidence of right ventricular dys-
function had a mean right ventricular ejection fraction (by
radionuclide angiography) significantly lower than that of
patients without right ventricular dysfunction on
echocardiography.
Right ventricular dilation and dysfunction versus in-
farction. In the postmortem study of acute myocardial in-
farction by Isner and Roberts (16), patients with right ven-
tricular infarction as a complication of inferior wall infarction
had a nearly three times greater incidence of right ventricular
dilation than patients without right ventricular infarction. It
appears that our study and others (8,9,12) support their
conclusion that clinical evidence of inferior myocardial in-
farction with right ventricular dilation should make one sus-
picious of right ventricular infarction.
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We believe that the previously described clinical profile
of right ventricular infarction indicates massive right ven-
tricular infarction and does not define less severe degrees
of right ventricular infarction or dysfunction. These less
severe degrees of right ventricular involvement are detected
by more subtle hemodynamic abnormalities that may require
volume loading to elicit and are not usually confused with
other clinical entities such as cardiac tampon ade. Isner and
Roberts (16) also reported that three of their four patients
with necropsy-confirmed right ventricular infarction had a
hemodynamic profile that was not suggestive of "classic"
right ventricular infarction , as previously reported. Rigo et
a1. (25) also described two patients with cardiogenic shock
who did not present the classic hemodynamic findings of
right ventricular infarction until after volume loading. Non-
invasive assessment of anatomic change s utilizing echo-
cardiography or gated radionuclide angiography detects va-
rieties of right ventricular dysfunction that are not identi-
fiable using technetium-99m pyropho sphate scintigraphy.
The diagnosis of right ventricular infarction may have
important implications for acute treatment as previously dis-
cussed (l,22). Any patient with inferior myocardial infarc-
tion may have right ventricular involvement in the form of
either detectable or undetectable infarction or ischemic
dysfunction.
Jugular venous pressure. Kussmaul's sign (late inspi-
ratory increase injugular venous pressure) has been reported
inoccasional patients with right ventricular infarction (28 ,29).
These findings have been compared with those seen in con-
strictive pericarditis and termed the "restrictive pattern" of
right ventricular filling (30 ,31). Recently. in a study of 54
patients with right ventricular dysfunction (defined as a right
atrial pressure disproportionately increased in relation to the
pulmonary capillary wedge pressure) in the setting of in-
ferior myocardial infarction , Coma-Canella and Lopez-Sen-
don (30) found a 74% incidence rate of an abnormal right
atrial pressure wave contour. This was termed the "non-
compliant pattern " of right ventricular filling and resembled
the right atrial pressure waveform in constrictive pericarditi s
showing an M or W waveform. Noncompliance was con-
sidered severe or mild , respectively, when the y descent
was deeper than or equal to the x descent. In addition, the
right atrial pressure waveform closely reflected the jugular
venous pressure waveform . Among 15 of 54 patients in
whom respiration s were recorded , 10 showed Kussmaul's
sign and 5 had no decrease in right atrial pressure with
inspiration (30).
In our study , there was a 60% incidence rate of late
inspiratory increase in jugular venous A wave amplitude
(Kussmaul's sign). The presence ofthis sign in these patients
with inferior myocardial infarction predicted right ventric-
ular involvement with an accuracy approaching 81%. This
sign is not commonly seen in anterior acute myocardial
infarction in the absence of left heart failure ; therefore, its
presence on physical examination may be a useful nonin-
vasive marker of right ventricular involvement in inferior
myocardial infarction.
Clinical implications. We believe that right ventricular
involvement in the setting of inferior myocardial infarction
is more frequent than previou sly suspected. Right ventric-
ular dysfunction may be subtle and certainly is more frequent
than the clinical syndrome of exten sive right ventricular
infarction (1). The previously reported hemodynamic mark-
ers of right ventricular infarction appear to be more indic-
ative of right ventricular dysfunction as assessed by echo-
cardiography and radionuclide angiography. These hemo-
dynamic abnormalities may be present even in the absence
of a positive technetium scan indicating right ventricular
infarction. Also , these hemodynamic abnormalities may oc-
cur in patients who do not have the clinical picture of mas-
sive right ventricular infarction. The spectrum of right ven-
tricular involvement in the setting of inferior wall myocardial
infarction can be assessed noninvasi vcly. Careful assess-
ment of the jugular venous pressure waveform is a useful
bedside technique for initially establishing right ventricular
involvement.
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